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Abstract
Background: Ischaemic heart disease remains the main cause of death in the world. With increasing age,
frailty and comorbidities, senior patients aged 80 years old and above who undergo percutaneous coronary
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intervention (PCI) are at higher risk of mortality and other complications.

Aims: We aimed to examine the overall outcomes for this group of patients.

Methods: Four databases (PUBMED, EMBASE, SCOPUS and CENTRAL) were searched. Studies with
patients aged 80 years old and above who underwent PCI for all indications were included. Pooled out-
comes of all-cause death, cardiac death, in-hospital death, subsequent stroke/transient ischaemic attack
(TIA), subsequent myocardial infarction (MI), subsequent congestive cardiac failure (CCF), and overall
major adverse cardiac events (MACE) were obtained for meta-analysis.

Results: From 2,566,004 patients, the pooled cumulative incidence of death was 19.22%, cardiac death
was 7.78%, in-hospital death was 7.16%, subsequent stroke/TIA was 1.54%, subsequent MI was 3.58%,
subsequent CCF was 4.74%, and MACE was 17.51%. The mortality rate of all patients was high when
followed up for 3 years (33.27%). ST-elevation myocardial infarction patients had more outcomes of in-
hospital death (14.24% vs 4.89%), stroke/TIA (1.93% vs 0.12%), MI (3.68 vs 1.55%) and 1-year mortality
(26.16% vs 13.62%), when compared to non-ST-elevation myocardial infarction patients.

Conclusions: There was a high mortality rate at 1 year and 3 years post-PCI in the overall population of
senior patients aged 80 years old and above, regardless of indication. This necessitates further studies to

explore the implications of these observations.

*Corresponding author: Department of Cardiology, National University Heart Centre Singapore, 1E Kent Ridge Road,
NUHS Tower Block Level 9, Singapore 119228. E-mail: ching hui_sia@nuhs.edu.sg

© Europa Digital & Publishing 2022. All rights reserved. SUBMITTED ON 04/11/2021 - REVISION RECEIVED ON I# 20/02/2022 / 2** 02/05/2022 - ACCEPTED ON 01/06/2022

LE1-€21:8'220C UoljuanIauelsy i

0¥7000-T¢-a-r1v/vv¢v 01 *10d



b
@,
=
=
=
]
3
<
@
=
=2
5]
=
n
o
)
0
(0]
=n
)
w
:
AR
w
=

Abbreviations

ACS acute coronary syndrome

CABG  coronary artery bypass grafting

CCF congestive cardiac failure

MACE  major adverse cardiac events

Mi myocardial infarction

NSTEMI non-ST-elevation myocardial infarction
PCI percutaneous coronary intervention
STEMI  ST-elevation myocardial infarction

TIA transient ischaemic attack

Introduction
There is an increasing burden of coronary artery disease around
the world'. Ischaemic heart disease remains the main cause of
death globally?. With increasing age, frailty and comorbidities,
senior patients aged 80 years old and above who develop ischae-
mic heart disease are at higher risk of mortality and other com-
plications. Most guidelines from major cardiac societies have
advocated for invasive treatment for patients who develop ischae-
mic heart disease, acute coronary syndromes (ACS; which include
ST-elevation myocardial infarction [STEMI], non-ST-elevation
myocardial infarction [NSTEMI], and unstable angina [UA])**.
However, most of these guidelines were derived from evidence
that studied younger patients, as senior patients aged 80 years old
and above were often underrepresented’ and, hence, less inva-
sively managed'®. The paucity of data on senior patients aged
80 years old and above has also led to major cardiac societies to
call for more studies in this age group®”’.

To the best of our knowledge, there has been no systematic
review or meta-analysis thus far that examines the overall out-
comes of senior patients aged 80 years old and above undergo-

ing percutaneous coronary intervention (PCI). Recent studies

have demonstrated the benefits of an invasive approach in senior
patients aged 80 years old and above. This entailed selecting them
for invasive coronary angiogram, and subsequently proceeding
with the appropriate management plan which included coronary
artery bypass grafting (CABG), PCI, or optimal medical therapy
(OMT)'°. However, there are minimal studies describing the out-
comes of performing PCI itself in this age group. Contemporary
evidence has thus far proven survival benefits of an invasive
approach in senior patients aged 80 years old and above with ACS
and, to a lesser extent, morbidity benefits (in relieving anginal
symptoms) in patients with stable heart disease!.

There is increased interest in the “oldest-old”, which is defined
as people aged 80 years old and above, and the concept of suc-
cessful ageing in this age group'>'>. People in this age group are
frailer, experience greater health decline, and have higher rates
of hospitalisation, comorbidities and mortality. Even though they
may reap the benefits of PCI in the context of ischaemic heart
disease and myocardial infarction (MI), this needs to be balanced
with the relative higher risk of harm from invasive interventions.
Frailty not only contributes to the risk of mortality from the dis-
ease process itself but also from the intervention'®!”. To allow cli-
nicians and interventionists to better manage patients in this age
group, this systematic review and meta-analysis aimed to study the
outcomes of PCI in senior patients aged 80 years old and above,
regardless of their underlying indications (Central illustration).

Methods

Ethics approval and consent to participate was not required for
this study as this study used publicly available data. We searched
4 databases (PUBMED, EMBASE, SCOPUS and CENTRAL) in
February 2021, with the following search terms: “percutaneous
coronary intervention” OR “PCI” OR “myocardial revasculari*”

Asialntervention

CENTRAL ILLUSTRATION PCI outcomes in seniors aged 80 years old and above.

A systematic review and meta-analysis

Profile Outcomes STEMI patients have
worse outcomes than
[« =] oo NSTEMI patients
g =
g: 132 articles

= All-cause death 19.22%

STEMI - LR[S

Cardiac death 7.78%
MACE 17.51% NSTEMI RERYA
3-year mortality 33.26%
Followed up to 5 years

2,566,004 patients

I-year mortality (p<0.001)

Mortality rate of senior patients aged 80 years old and
above, regardless of indications, was high. The 1-year and 3-year
outcomes post-PCl of this population group were poor.

MACE: major adverse cardiac events; NSTEMI: non-ST-elevation myocardial infarction; PCI: percutaneous coronary intervention;
STEMI: ST-elevation myocardial infarction




OR “coronary angioplasty” OR “percutaneous coronary revascu-
lari*” OR “primary PCI” OR “PPCI” OR “coronary stent” OR
“balloon angioplasty” OR “coronary atherectomy” AND “elderly”
OR “old age” OR “octogenarian” OR “older adult” OR “older
age”. We identified studies that included PCI in patients who were
80 years old and above. Studies that only included coronary angi-
ography without the use of PCI and studies that did not include the
subgroup data of PCI were excluded. We included studies with all
indications for PCI, including stable coronary artery disease and
ACS. Only studies published in English were included. To keep
the dataset contemporary, studies with data prior to the year 2000
were excluded, as drug-eluting stents (DES) were introduced in
the early 2000s. Full papers were obtained either via retrieval from
the databases or by contacting the relevant authors if the papers
could not be obtained from the databases. Abstracts were included
if they included the relevant parameters. We included all studies,
according to the population, intervention, comparison, outcome,
and study design inclusion and exclusion criteria (Table 1).

Table 1. PICOS, inclusion and exclusion criteria.

m Inclusion criteria Exclusion criteria

Population

Patients 80 years old
and above

Patients below 80 years
old

Intervention

Underwent PCI,
regardless of indications

Did not undergo PCI

Only had coronary
angiography without PCI
No specific subgroup
analysis for PCI patients
(for those who
underwent coronary
angiography)

Comparison

Nil

Outcomes

All-cause death, cardiac
death, in-hospital death,
subsequent stroke/TIA,
subsequent MI,
subsequent CCF, and
overall MACE

Study design

Full articles available in
English

Study type: Abstracts,
posters, randomised
controlled trials, cohort
studies

Databases: PUBMED,

EMBASE, SCOPUS and
CENTRAL

Meta-analysis, systemic
reviews, case reports
Studies in foreign
language

Dataset prior to year
2000

CCF: congestive cardiac failure; MACE: major adverse cardiac events;
MI: myocardial infarction; PCI: percutaneous coronary intervention;
TIA: transient ischaemic attack

Baseline characteristics included mean age, smoking history, his-
tory of hypertension, diabetes, hyperlipidaemia, stroke, atrial fibrilla-
tion, congestive cardiac failure, peripheral vascular disease, chronic
kidney disease and history of PCI or CABG. We then obtained the
outcomes of all-cause death, cardiac death, in-hospital death, sub-
sequent stroke/transient ischaemic attack (TIA), subsequent MI,
subsequent congestive cardiac failure (CCF) which developed as

PCI outcomes in seniors

a complication of MI, and overall major adverse cardiovascular
events (MACE). MACE was defined as a composite of death, stroke/
TIA, MI, CCEF, or revascularisation with either PCI or CABG. Data,
which were reported in percentages, were converted to absolute
numbers by calculation and rounded to the nearest whole number.

STATISTICAL ANALYSIS

Extracted data were used to analyse the pooled cumulative inci-
dence with 95% confidence intervals (CI) for outcomes of PCI.
We calculated cumulative incidences utilising the 1-step general-
ised linear mixed-effects model (GLMM) method employing the
metaprop_one routine in Stata (version 16.0; StataCorp). Compared
to traditional 2-stage methods, this method is proven to produce
smaller errors, less biased estimates, and greater coverage prob-
abilities'®!”. When the 1-stage model failed to converge, a ran-
dom-effects inverse variance-weighted meta-analysis using the
Freeman-Tukey transformation was utilised to pool proportions.
The random-effects model was adopted in all analyses to account
for anticipated heterogeneity in the observational estimates®.
Between-study heterogeneity was assessed using the I? statistic?'.
An I? value of <30% indicates low heterogeneity between stud-
ies, an I? of 30-60% indicates moderate heterogeneity, and an I? of
>60% indicates substantial heterogeneity. A 2-sided p-value of <0.05
was considered as statistically significant. The meta-analysis was
reported according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (Supplementary
Table 1)%. The various studies were appraised via the Newcastle-
Ottawa scale” (Supplementary Table 2, Supplementary Table 3).

Results

The PRISMA flow chart is presented in Figure 1. A literature search
of the 4 databases yielded a total of 4,358 results. Three research-
ers were involved in the screening process (N.H. Lin, J.S-Y. Ho
and C-H. Sia). A total of 4,226 articles were excluded, according
to the criteria described in the flow chart, and 94 full papers and
38 abstracts were ultimately included for the analysis and discus-
sion in this paper. The pooled data from these articles were dated
from 2000 to 2018. Thirty regions (Supplementary Table 4) were
represented, and common sources of studies included the USA,
Japan, the UK and Italy. Sixty-two out of 132 papers reported an
ACS rate of more than 50%. A summary of the baseline character-
istics is described in Supplementary Table 5.

POOLED OUTCOMES IN ALL PATIENTS 80 YEARS OLD AND
ABOVE

In total, we pooled 132 articles to form an overall cohort of
2,566,004 patients aged 80 years old and above in our meta-analysis,
including all indications for PCI. The outcomes (Tahle 2) were as
follows: the cumulative incidence of all-cause death (Figure 2) was
19.22% (95% CI: 16.83-21.72), cardiac death was 7.78% (95% CI:
5.53-10.85), in-hospital death was 7.16% (95% CIL: 6.39-7.97),
subsequent stroke/TIA was 1.54% (95% CI: 0.84-2.40), subse-
quent MI was 3.58% (95% CI: 2.53-4.79), subsequent CCF was
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| Identification of studies via databases and registers

S | | Records identified from:
|| Pubmed(n=2,781)

£ (| Embase(n=1177)
E || Scopus(n=389)

= (| Central (n=651)

— l Records excluded (n=4,055) for not
Records screened N meeting criteria of 80 years old and
(n=4,358) above, patients undergone PCl and

original studies
¥ Records excluded (n=88)
oa| | Records assessed for eligibility N Duplicate articles (n=38)
S || (1=303) — Foreign language (n=27)
g — Not relevant to PCl outcomes (n=23)
(7]
v
3 Full text articles excluded (n=48)
ArEcZI&screened for PCloutcomes | |~ ng subgroup analysis of PCI (n=16)
(”—F i t) tarticls (12142 —Insufficient data (n=2)
~putearils n=142) — Unable to obtain fultext (n=5)
—Abstracts (n=73) —Data dated prior to year 2000 (n=25)
- il Abstract excluded (n=35)
= . —No subgroup analysis of PCl (n=5)
E Full text articles included (n=94) _Data dgted%rior t)(’) year 2000 (n=4)
é Abstracts included (n=38) — Insufficient data (n=26)

Figure 1. PRISMA flowchart. PCI: percutaneous coronary

intervention

4.74% (95% CI: 2.12-10.28), and MACE was 17.51% (95% CI:
14.20-21.08). The overall follow-up period extended up to 5 years.

One-year overall outcomes based on a pooled cohort of
36,919 patients from 52 articles and 3-year outcomes based on
apooled cohort of 6,169 patients from 9 articles demonstrated increas-
ing rates of all-cause death (14.73% vs 33.27%), cardiac death (5.95%
vs 22.81%) and subsequent CCF (4.74% vs 17.45%) over time.

Table 2. Pooled outcomes in all patients 80 years old and above.

All outcomes %

Outcomes (95% CI) 1 year 3 years
Death 19.22 14.73 33.27
(16.83-21.72) | (12.08-17.84) | (27.16-39.68)
Cardiac death 7.78 5.95 22.81
(5.53-10.85) (4.04-8.69) (16.02-31.39)
In-hospital 7.16
death (6.39-7.97)
Stroke/TIA 1.54 1.34 3.54
(0.84-2.40) (0.83-2.16) (0.91-12.84)
Ml 3.58 2.10 5.79
(2.53-4.79) (1.36-3.21) (2.96-11.03)
CCF 4.74 1.14 17.45
(2.12-10.28) (0.05-22.04) | (12.16-24.40)
MACE 17.51 15.23 14.93
(14.20-21.08) | (12.44-18.51) | (12.95-17.15)

CCF: congestive cardiac failure; Cl: confidence interval; MACE: major
adverse cardiac events; MI: myocardial infarction; TIA: transient
ischaemic attack

SUBGROUP ANALYSES

We were also able to perform a subgroup analysis of the clinical
outcomes in STEMI and NSTEMI patients.

POOLED OUTCOMES IN STEMI PATIENTS

We pooled 27 articles to create a cohort of 106,343 patients who
had ST-elevation myocardial infarction. In this cohort, the previ-
ous history of MI, PCI, and CABG in general (if reported) was
less than 20%. The outcomes were as follows: the cumulative inci-
dence of all-cause death was 23.08% (95% CI: 17.43-29.89), car-
diac death was 9.42% (95% CI: 2.67-28.26), in-hospital death was
14.24% (95% CI: 12.09-16.53), subsequent stroke/TIA was 1.93%
(95% CI: 12.09-16.53), subsequent MI was 3.68% (95% CI: 2.21-
6.06), subsequent CCF was 13.08% (95% CI: 9.19-18.30), and
MACE was 12.19% (95% CI: 5.11-26.35). The follow-up period
extended up to 2 years, with most studies following patients up
to 1 year.

POOLED OUTCOMES IN NSTEMI PATIENTS

We combined 7 articles to create a pooled cohort of 12,211 patients
who had non-ST-elevation myocardial infarction. The previous
history of MI was 20-40%, PCI 10%-20% and CABG 6-7% (if
reported). The outcomes were as follows: the cumulative incidence
of all-cause death was 14.74% (95% CI: 7.40-27.21), in-hospital
death was 4.44% (95% CI: 2.65-7.36), subsequent stroke/TIA was
0.19% (0.07-0.50), subsequent MI was 1.55% (0.92-2.58), and
MACE was 10.93% (95% CI: 9.79-12.18). The follow-up period
extended up to 2 years, with most studies following patients up
to 1 year.

STEMI PATIENTS HAD MORE OUTCOMES THAN NSTEMI
PATIENTS

Overall, patients with STEMI had poorer outcomes as compared
to NSTEMI patients (Table 3) in the outcomes of in-hospital death
(STEMI 14.24%, NSTEMI 4.89%; p-value <0.001), subsequent
stroke/TIA (STEMI 1.93%, NSTEMI 0.12%; p-value <0.001), and
subsequent MI (STEMI 3.68%, NSTEMI 1.55%; p-value=0.039).
There were no significant differences in all-cause death (STEMI
23.08%, NSTEMI 14.74%; p-value=0.156) and MACE (STEMI

Table 3. STEMI versus NSTEMI patients.

Outcomes Sl 7 sl 7 -value
(95% CI) (95% CI) R
Death 23.08 14.74 0.156
(17.43-29.89) | (7.40-27.21) '
In-hospital 14.24 4.89
death (12.09-16.53) | (2.38-7.71) <0.001
Stroke/TIA 1.93 0.12
(1.12:2.90) | (0.00-0.36) <0.001
MI 3.68 1.55
(2.21-6.06) | (0.92-2.58) 0.039
MACE 12.19 10.93
(5.11-26.35) | (9.79-12.18) 0.809
Cl: confidence interval; MACE: major cardiac adverse events;
MI: myocardial infarction; NSTEMI: non-ST-elevation myocardial
infarction; STEMI: ST-elevation myocardial infarction; TIA: transient
ischaemic attack
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Study ES (5% CI) % Weight Event N
Abramik 2020 . 12.92 (10.75-15.45) 1.20 101 782
Aguiar 2017 . 11.12 (9.34-13.19) 121 114 1,025
Alkhushail 2014 - 18.82 (13.85-25.04) 115 35 186
Antonsen 2011 X 16.22 (15.08-17.43) 122 615 3,792
Ariza 2015 ! - 36.35 (32.24-40.66) 119 181 498
Baklanov 2006 .- . 7.11(4.28-11.57) 115 14 197
Barywani 2015 . —— 46.15(39.07-53.40) 115 84 182
Berezhnoi 2018 - ' 10.98 (8.51-14.05) 119 54 492
Boudou 2007 ' —— 41.62 (34.97-48.60) 115 82 197
Caretta 2014 . 28.06 (21.26-36.04) 112 39 139
Chen B 2010 - 5.00 (2.44-9.96) 112 7 140
Chen R 2016 —— 25.35(18.91-33.09) 113 36 142
Cheng 2010 : - 41.07 (35.80-46.54) 118 131 319
Christiansen 2013 —.— 25,63 (20.06-32.12) 115 51 199
Conrotto 2014 o 2890 (23.29-35.24) 116 63 218
Dahdouh 2012 —— 17.14(10.09-27.62) 1.04 12 70
D'anna 2015 . —— 43.18 (29.68-57.78) 0.96 19 44
de Belder 2014 L] ! 7.88(6.20-9.95) 121 63 800
de Franca 2018 . - 37.00 (31.49-42.87) 117 101 273
El Khoury 2014 - 10.81 (6.76-16.84) 113 16 148
Fach 2015 ! —— 38.55 (31.73-45.85) 114 69 179
Gaszewska-Zurek 2005 —— 15.38 (7.25-29.73) 0.93 6 39
Gerber 2017 - 11.86 (8.43-16.42) 117 30 253
Gestal 2014 ! - 51.63 (46.73-56.49) 119 206 399
Gestal 2015 . e 33.73(27.03-41.15) 114 57 169
Goncalves 2020 .- 11.81 (8.30-16.55) 116 28 237
Hong 2011 . ! 5.63(4.13-7.63) 1.20 38 675
Hu 2012 L ] ' 0.00 (0.00-1.41) 117 0 268
lic 2015 - : 3.97 (2.81-5.58) 120 31 781
Johnston 2015 . 8.95(6.04-13.07) 117 23 257
Junker 2010 L 17,62 (15.51-19.95) 121 200 1135
Kashima 2010 —— 34.38 (20.41-51.69) 0.88 1 32
Kherad 2015 ' - 37.33 (32.59-42.33) 118 140 375
Kitabata 2017 - 741 (2.92-17.55) 1.00 4 54
Koutouzis 2009 -— 31.82 (16.36-52.68) 079 7 22
Kurniawan 2016 . . 747 (5.03-10.96) 118 23 308
Lahtela 2017 -0-:- 14.87 (10.56-20.54) 115 29 195
Lee H 2016 . 14.45 (12.95-16.08) 122 281 1,945
Lee J 2020 —— 20.83 (9.24-40.47) 0.81 5 24
Lee K 2014 L ' 10.11 (8.76-11.64) 122 170 1,682
Leistner 2019 - ' 8.24 (6.83-9.90) 121 102 1,238
Liang 2015 . —— 45.70 (37.96-53.65) 113 69 151
Lim 2020 * : 3.04(2.35-3.92) 122 57 1875
Longo 2011 .- ' 4.83(2.36-9.63) 113 7 145
Lépez-Palop R 2009 . 25,00 (19.18-31.89) 114 44 176
Maeno 2011 —0— 17.14 (8.10-32.68) 0.90 6 35
Mansencal 2010 —— 21.71(15.90-28.92) 113 33 152
Marcolino 2012 L : 3.44(1.88-6.21) 117 10 291
Marino 2019 . —- 56.20 (49.90-62.30) 116 136 242
Mengi 2020 - 7.09(3.77-12.92) 1 9 127
Mizuguchi 2016 - 769 (3.03-18.17) 0.9 4 52
Mohamed 2016 - 18.59(14.66-23.28) 118 58 312
Monello 2016 —0—:— 12.20(6.76-21.01) 1.06 10 82
Moonen 2010 . —— 34.69 (26.01-44.53) 1.09 34 98
Muraglia 2017 ' —o— 47,66 (38.45-57.04) 110 51 107
Oduncu 2013 ! —— 39.11 (32.26-46.41) 114 70 179
Papapostolou 2020 - ' 6.37 (5.58-7.26) 122 209 3,282
Parikh 2008 —— 18.75(8.89-35.31) 0.88 6 32
Park 2017 —— 32.35 (22.44-44.16) 1.03 22 68
Piao 2014 . . 12.24(10.10-14.76) 120 93 760
Ploumen 2020 - . 5.96 (4.41-8.02) 1.20 40 671
Rana 2013 -OI— 17.69 (13.75-22.46) 117 52 294
Reid 2019 . —e— 32.93 (26.20-40.44) 114 54 164
Reinius 2018 . 25.93 (24.62-21.28) 122 1,078 4158
Sahin 2017 - 9.52 (3.77-22.07) 0.95 4 2
Sappa 2017 ' —— 44.44 (36.06-53.16) 11 56 126
Sawant 2017 .- : 6.20 (3.91-9.71) 117 17 274
Serpytis 2018 X - 33.88(29.23-38.85) 118 125 369
Sharma R 2017 —— 20.65 (15.43-27.07) 115 38 184
Sharma V 2015 ——— 24.56 (15.23-37.10) 101 14 57
Sheridan 2010 . L 37.81 (36.37-39.26) 1.22 1,640 4,338
Shirasawa 2010 —— 2143 (11.71-35.94) 0.95 9 2
Showkathali 2014 - 20.34 (15.70-25.93) 116 43 236
Silano 2013 , —o— 29.45 (22.66-37.30) 113 43 146
Siman 2019 ! —— 48.65 (37.61-59.82) 1.05 36 74
Tammam 2016 . ' 1.15(0.80-1.64) 122 29 2,530
Teplitsky 2003 - 11.34(6.45-19.17) 1.08 1 97
Tomioka 2019 ' —— 31.58 (23.10-41.49) 1.08 30 95
Uthamalingam 2015 . . 5.94 (3.83-9.09) 118 19 320
Valente 2008 0 —— 42.05 (32.28-52.48) 1.07 37 88
Vasaiwla 2012 0 17.99 (16.51-19.56) 122 438 2,435
Vijayakumar 2004 —-— 8.70 (3.43-20.32) 0.96 4 46
Vilz 2019 - 16.38 (13.61-19.60) 1.20 9% 586
Walsh 2006 —— 22.64(13.45-35.53) 0.99 12 53
Wang TY 2012 L 18.35(17.98-18.72) 122 7735 42,154
Wongcharoenkiat 2012 - 11.39(7.71-16.51) 115 23 202
Wu 2019 *- . 11.99 (8.75-16.21) 117 35 292
Yamanaka 2013 . 14.93 (13.21-16.82) 121 223 1,494
Yudi 2016 . —— 29.41 (23.08-36.66) 114 50 170
Overall (”=98.4%; p=0.000) O 19.22 (16.83-21.72) 100.00
T T T T
0 2 40 60 80

Figure 2. All-cause death in the overall population. CI: confidence interval; ES: effect size
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12.19%, NSTEMI 10.39%;
comes showed significant differences in all-cause death between
STEMI and NSTEMI patients (STEMI 26.16%, NSTEMI 13.62%;
p-value <0.001) (Figure 3).

ISCHAEMIC TIME

In studies that reported ischaemic time, senior patients often had

p-value=0.809). However, 1-year out-

longer ischaemic times than the younger population. For exam-
ple, Helft et al** reported a median time from onset of symptoms
to intervention of 251 min (versus 195 min in a younger group
with a mean age of 61 years). Fach et al*® and Papapostolou et
al? reported a door-to-balloon time of 58 min (versus 43 mins in
patients younger than 75 years old) and 87 min (versus 77 min in

patients younger than 80 years old), respectively.

Discussion

Based on our meta-analysis, in senior patients aged 80 years old
and above who underwent PCI, there was a pooled cumulative
incidence of all-cause death of 18.55%, in-hospital death was at
6.7% and cardiac death was at 7.6%. There was also a 17.89%
prevalence of MACE. Moreover, STEMI patients experienced
a higher rate of in-hospital death, subsequent stroke/TIA and sub-
sequent MI. The death rate was higher than that of a younger
population (6.5%, mean age 59 to 65) as described in another
meta-analysis of 5 studies by Stergiopoulos et al?’, and similar to
those previously reported by Avezum et al in the more senior age
groups (18.4%, mean age 87.8)%. However, this is not unexpected
as senior patients often have more comorbidities and poorer prog-
nostic factors?%.

This high mortality rate was likely contributed to by the prev-
alence of underlying cardiovascular disease since most studies
50% incidence of ACS. Other factors that
have been previously quoted in other studies as contributing

reported at least a

to the outcomes include fear of discovery of serious illnesses,

atypical symptoms that mask the diagnosis of ACS (silent MI),
reduced mobility that impedes access to healthcare, and eco-
nomic concerns with regard to affordability of care or the lack
of a dedicated caregiver’*3, all of which contribute to delayed
presentations. Cognitive impairment may also mask symptom
presentation’.

Although the rate of all-cause death was 18.55%, cardiac death
constituted only 7.6%, which highlights that non-cardiac causes
were major contributors of death. Besides ischaemic heart dis-
ease, the next most common causes of death globally include
stroke, chronic obstructive pulmonary disease and lower respira-
tory infections (such as pneumonia)?. In this ageing population,
senior patients have more chronic diseases than younger patients,
which predispose them to increased rates of mortality. Senior
patients often have other concomitant illnesses such as cancer,
stroke, pneumonia, as well as urinary tract infection®. These
patients are frailer, have poorer myocardial reserves and, there-
fore, are more vulnerable to stressors and clinical insults from
illnesses such as myocardial infarction®. This competing risk of
death, of which frailty is a proven indicator of mortality after
PCI*’, may explain the relative higher proportion of death being
non-cardiac in nature.

Our analysis also demonstrated that STEMI patients had poorer
outcomes as compared to NSTEMI patients. Notably, they had
a higher cumulative incidence of in-hospital death (STEMI 14.24%
vs NSTEMI 4.89%), stroke/TIA (STEMI 1.93% vs NSTEMI
0.12%) and MI (STEMI 3.68% vs NSTEMI 1.55%). When fol-
lowed up for 1 year, they had a significantly higher rate of all-
cause death (STEMI 26.16% vs NSTEMI 13.62%; p<0.001), and
in-hospital death (STEMI 14.53% vs NSTEMI 7.02%). Due to
the underlying pathophysiology of transmural infarct in STEMI,
the effect of myocardial necrosis is more pronounced in the older

age group. Senior patients with STEMI often have higher rates of

Study ES(95%CI)  Event N
STEMI q
Alkhushail 2014 —- 18.82(13.47-25.19) 35 186
Caretta 2014 —— 28.06(20.77-36.30) 39 139
Chen R 2016 —— 25.35(18.43-33.33) 36 142
Christiansen 2013 -:-0— 25.63(19.72-32.28) 51 199
Fach 2015 " —— 38.55(31.38-46.10) 69 179
Sharma V 2015 —— 24.56 (14.13-37.76) 14 57
Sharma R 2017 —— 20.65(15.05-27.23) 38 184
Yudi 2016 :<> 29.41 (22.68-36.87) 50 170
LR test: RE vs FE chi?=7.571; p=0.00 —— 26.16 (22.24-30.51)
NSTEMI .
Gongalves 2020 2 ol 11.81(8.00-16.62) 28 237
Piao 2014 4 . 12.24(9.99-14.78) 93 760
Volz 2019 .l 16.38(13.48-19.63) 96 586
FE model with no heterogeneity <> ! 13.62 (11.38-16.21)
Heterogeneity between groups: p=0.000 ! 21.67 (17.36-26.71)
LR Test: RE vs FE chi?=68.41; p=0.00 @
T T T T T
0 20 40 60 80 100 (%)

Figure 3. Three-year all-cause death in NSTEMI and STEMI populations.. CI: confidence interval; ES: effect size; FE: fixed effects;
LR: likelihood ratio; NSTEMI: non-ST-elevation myocardial infarction; RE: random effects; STEMI: ST-elevation myocardial infarction



post-MI complications, including various mechanical and electri-
cal complications, leading to higher mortality rates®®*. To deter-
mine the significance of the poorer 1-year adverse outcomes in
STEMI patients as compared to NSTEMI patients necessitates
closer follow-up in this subgroup of patients.

Longer-term 1-year and 3-year outcomes showed increasing
cumulative incidences. For example, the mortality rate at 1 year
was at 14.61% and 33.27% at 3 years. The 3-year outcomes were
also particularly high, with a cumulative incidence of 22.81% for
cardiac death, 3.54% for stroke/TIA, 5.79% for MI, 17.45% for
CCF, and 14.93% for MACE. Clinicians may need to consider
closer follow-up in the longer term. However, it is also important
to note that the studies pooled for the 3-year outcomes included
papers that compared CABG vs PCI outcomes**#!, of which one
study had patients with multivessel disease*!, and one study had
patients with left main disease*’; hence, the data might have been
confounded by the severe underlying disease. However, more
studies are required to further explore the implications of these
observations and to determine if current clinical practice is suf-
ficient to manage the long-term outcomes of senior patients with
ACS undergoing PCI.

Although the risks of PCI in patients aged 80 years old and
above were higher than in the younger population, current evi-
dence still points towards the benefits of PCI in reducing death,
cardiac death, and MI in patients with unstable coronary artery
disease in the general population®. Such benefits are still seen in
the senior population, mainly in the context of ACS!*#*, Hence, in
line with most cardiac society recommendations, invasive revascu-
larisation should still be offered to patients aged 80 years old and
above with ACS, given its mortality benefit. Overall, clinicians
need to appreciate the high cumulative incidence of various clini-
cal outcomes in senior patients who have undergone PCI, taking
into consideration the patient’s quality of life and goals of care,
and individualise the treatment regime where appropriate.

Limitations

Our meta-analysis consisted of multiple studies examining this
topic, which spanned many countries in Europe, the Middle East,
and Asia. This renders our findings applicable to an ethnically
diverse population. However, we acknowledge a few limita-
tions. Most of the articles included were observational studies,
and there were few randomised controlled trials. However, ran-
domised controlled trials are difficult to perform in this popu-
lation, for reasons including difficulty in obtaining informed
consent and difficulty in compliance to study protocol. Also,
the investigators’ concerns of potential negative trial results if
senior patients are enrolled, due to their multiple comorbidities,
may lead to a selection bias against senior patients.*> Hence, they
should be the continued focus of future studies. As many arti-
cles included data that crossed from the mid-2000s to the mid-
2010s, we were unable to review temporal trends over the past
2 decades. As such, we were not able to exclude studies with the
patients treated prior to the year 2010, and this may potentially

PCI outcomes in seniors

confound our results. During this period, there was a shift
towards the use of DES; hence, further studies are required to
specifically examine differences between the pre-DES and DES
eras. Furthermore, although frailty and sarcopenia are concepts
that are gaining traction, most studies have yet to include frailty
or sarcopenia in their assessment, thereby making it difficult to
assess their effect on PCI outcomes. Lastly, there is variation in
STEMI systems of care across various countries, and the ischae-
mic time was not well reported in many studies, which might

have potentially affected the outcome.

Conclusions

There was a high mortality rate at 1 year and 3 years post-PCI
in the overall population of senior patients aged 80 years old and
above, regardless of indication. This necessitates further studies to
explore the implications of these observations.

Impact on daily practice

With the increasing burden of coronary artery disease, espe-
cially in senior patients aged 80 years old and above, more stud-
ies are required to study the implications of the high mortality
rate at 1 year and 3 years post-PCI, regardless of indication.
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Supplementary Table 1. PRISMA checklist 2020.

Location
Segtlon i Checklist item yvherg
topic item is
reported
TITLE
Title ‘ 1 | Identify the report as a systematic review. 1
ABSTRACT
Abstract | 2| See the PRISMA 2020 for Abstracts checklist. 2
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of existing knowledge. 4
Objectives 4 | Provide an explicit statement of the objective(s) or question(s) the review addresses.
METHODS
Eligibility criteria 5 | Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.
Information 6 | Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies.
sources Specify the date when each source was last searched or consulted.
Search strategy 7 | Present the full search strategies for all databases, registers and websites, including any filters and limits used.
Selection 8 | Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened
process each record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the
process.
Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they 5
process worked independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation
tools used in the process.
Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in 5
each study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.
10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). 5
Describe any assumptions made about any missing or unclear information.
Study risk of 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers Suppl
bias assessment assessed each study and whether they worked independently, and if applicable, details of automation tools used in the process. Material
Effect measures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. 5
Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention 5
methods characteristics and comparing against the planned groups for each synthesis (item #5)).
13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data | 5
conversions.
13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses.
13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the
model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.




Section and

topic

Checklist item

Location
where
item is
reported

13e | Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). | 5
13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. 5
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). Suppl
assessment material
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. 5
assessment
RESULTS
Study selection 16a | Describe the results of the search and selection process, from the number of records identified in the search to the number of studies 6-7
included in the review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. 6-7
Study 17 | Cite each included study and present its characteristics. 6-7
characteristics
Risk of bias in 18 | Present assessments of risk of bias for each included study. Suppl
studies material
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its 6-7
individual precision (e.g. confidence/credible interval), ideally using structured tables or plots.
studies
Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. 6-7
syntheses 20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its 6-7
precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the
effect.
20c | Present results of all investigations of possible causes of heterogeneity among study results. 6-7
20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. 6-7
Reporting biases 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. Suppl
material
Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. Suppl
evidence material
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of other evidence. 7-9
23b | Discuss any limitations of the evidence included in the review. 7-9
23c | Discuss any limitations of the review processes used. 7-9
23d | Discuss implications of the results for practice, policy, and future research. 7-9
OTHER INFORMATION
Registration and 24a | Provide registration information for the review, including register name and registration number, or state that the review was not NA

protocol

registered.




Location

Sec_tlon and Checklist item .Wher?
topic item is
reported

24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared. NA
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Supplementary Table 2. Criteria of Newcastle Ottawa scale

Section Subsection Point given if:
Selection Representativeness of the exposed >80 years old with PCI
cohort (1)

Selection of the non-exposed cohort (1) | Control group (no PCl, CABG only, or
younger groups) was derived from the same
pool of patient

Ascertainment of exposure (1) Hospital records
Structured interviews

Demonstration that outcome of interest | Excluded patients who are already at very

was not present at start of study (1) high risk of mortality e.g., cardiac arrest
Comparability | Comparability of cohorts on the basis of | Adjusted for
the design or analysis (2) Sex — 1 point

Other comorbidities including CKD, heart
failure, AF, valvular disease etc —1 point

Outcome Assessment of outcome (1) Either:
independent blind assessment OR
record linkage

Was follow-up long enough for Specified at least 3 years
outcomes to occur (1)
Adequacy of follow up of cohorts (1) Specified at least 80% followed up

Number in parentheses represents the number of points given for each subsection.



Supplementary Table 3. Details of Newcastle Ottawa scale
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Supplementary Table 4. Regions represented.

Regions No of studies
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Supplementary Table 5. Summary of baseline characteristics.

Number % % special
SN Authors Country Time frame of Mean age Mean follow up %ACS | %MI | Previous | Previous R
patients PCl CABG
Jan 2007-Dec
1 | Abramik 2020 Greece 2016 782 | 83.67 (80-95) | 1year 34.3% 13.2%
2 | Aguiar 2017 Portugal 2010-2014 1025 | 84+3 1year 94.7% | 19.0% 12.7% 4.2%
Al-Khandra 2019 USA 2002-2014 1544563 | 83.9+ 3.2 In-hospital outcomes 62.3% | 30.9%
Jan 2005- Feb
4 | Alkhushail 2014 UK 2010 186 83.9 | lyear 100% STEMI
Ang 2020 Australia NR 65 | NR In-hospital outcomes 69.2%
Western
6 | Antonsen 2011 Denmark 2002-2009 3792 | 83+2 1vyear 64.7% | 24.9% 14.4% 5.8%
Apr 2000 - Sep
Appleby 2011 Canada 2007 404 | 87.5+£2.9 In-hospital outcomes 75.2% | 38.4% 24.3% 17.3%
Ariza 2015 Spain 2010-2011 498 | 83.8+3.2 2 years 100% | 13.5% 7.4% 1.4% | STEMI
Baklanov 2006 USA NR 197 | NR 1year
10 | Barywani 2015 Sweden 2006-2008 182 83.0 | 5years 99.0% 6.6%
Jan 2014-Aug
11 | Berezhnoi 2018 Russia 2017 492 84.2 | lyear 33.1% | 26.0% 3.3% 1.8%
Jan 2000-Dec 51.3 months (0.1-69
12 | Boudou 2007 France 2001 197 | 82.56+2.76 months) 93.9% | 9.1% 23.9% 4.1%
Jan 2005 - Jul
13 | Bromage 2016 UK 2011 1051 84.2 | 3years (1.2-4.6 years) 100% | 17.3% 8.3% 4.4% | STEMI
Jan 2002- Oct
14 | Cantarelli 2010 Brazil 2008 320 | NR In-hospital outcomes 18.8%
Jan 2008-Nov
15 | Caretta 2014 Italy 2012 139 85.0 | 1year 100% | 21.6% STEMI
Jan 2003-June 14 £11 months; 1 year
16 | Chen B 2010 China 2007 140 | 85+3 reported 14.3%
Oct 2003- Oct
17 | Chen L2019 China 2012 133 | 84.1+3.9 In-hospital outcomes 100%
18 | Chen R 2016 Singapore 2004-2015 142 | NR 1year STEMI
Median 5.4 years (3- 9
Jan 2000-Dec years); 5 years
19 | Cheng 2010 Netherlands | 2005 319 | 83+2 outcome reported 45.1% | 32.9% 25.1% 19.1% | DES vs BMS




Mar 2003-Nov

20 | Christiansen 2013 USA 2006 199 | NR 1year 100% STEMI
1088 days (IQR 420-
1458 days), MACE not
included as MACCE
Apr 2002-Apr (includes CVA) vs CABG, LM
21 | Conrotto 2014 Multinational | 2006 218 | 83.6+3.2 reported (n=85) 54.1% 17.4% 11.0% | group
22 | Couture 2018 Canada 2009, 2012 382 | NR In-hospital outcomes
June 2004-Nov 30.5£24.2 months (4-
23 | Dahdouh 2012 France 2010 70 | 83.4+2.6 80 months) 7.1% | 21.4% 25.7% 11.4%
Jan 2003-Jan
24 | D'anna 2015 Italy 2004 44 | NR NR NSTEMI
25 | de Belder 2014 UK, Spain 2009-2011 800 83.5 | 1year 25.6% 11.5% 5.6% | DES vs BMS
Jan 2010-Jan
26 | de Franca 2018 Brazil 2016 273 83.4 | 12-72 months; CKD patients
Jan 2013-Sep
27 | El Khoury 2014 Canada 2013 148 | 85+ 3 295+115 days 20.9% 12.8%
28 | Elbadawi 2019 USA 2002-2013 377653 | NR In-hospital outcomes
Jan 2006 - Jul
29 | Fach 2015 Germany 2013 179 | NR 1vyear 100% STEMI
Jan 2000-Dec
30 | Feldman 2006 USA 2001 6453 83.1 | In-hospital outcomes 10.4% 21.7%
Gaszewska-Zurek
31 | 2005 Poland Jul 2002-Jul2003 39 | NR 1vyear
Apr 2006-Nov
32 | Gerber 2017 UK 2011 253 | 83.7+3 30.8+2.7 months 21.3% | 28.5% 15.0% 7.1%
33 | Gestal 2014 Spain NR 399 | NR 2.4+2.1 years 100%
Transradial
Jan 2008 - Apr 'S
34 | Gestal 2015 Spain 2014 169 | NR 588 days (235-1281) transfemoral
Oct 2010-Oct NSTEMI
35 | Goncalves 2020 Portugal 2018 237 | 8712 1year 100% | 27.8% 16.5% 6.3% | group
Jan 2009-Dec
36 | Gusai 2012 Italy 2011 48 86.9 | NR 47.9%




Jan 2003- Dec

37 | Helft 2015 France 2011 418 | 92.9+2.7 In-hospital outcomes 100% STEMI
Jan 2001-Dec

38 | Hirakawa 2006 Japan 2003 211 | 83.32+0.2 In-hospital outcomes 10.4%

39 | Hong 2011 USA 2006-2008 675 | 82.5+2.4 1year 50.2% | 35.3% 37.2% 12.3% | SES group
May 2003-May

40 | Hu 2012 China 2007 268 82.7 | In-hospital outcomes 43.3% | 56.7% 10.4% 4.9%

41 | llic 2015 Multinational | NR 781 | 82.75+2.59 1vyear 44.2% | 23.7% 37.0% 10.0% | DES group
Jan 2012-Jun

42 | lpek 2016 Istanbul 2014 126 | 83.1+3.2 In-hospital outcomes 100% | 17.5% 9.5% | STEMI

43 | Johnston 2015 UK 2014 257 | NR 3 month

44 | Junker2010 Denmark 2002-2009 1135 | 87.5+2.7 1vyear 47.0%
Jan 2002- Apr

45 | Kashima 2010 Japan 2008 32 | 8314 2.7 years 1.6 years 62.5% | 0.0%

46 | Khera 2013 USA 2001-2010 90567 | 84.3% 36 In-hospital outcomes 100% | 85.7% STEMI

47 | Kherad 2015 Germany 2007-2012 375 | NR 31 months 38.1%
Jan 2013-May

48 | Kitabata 2017 Japan 2015 54 | 84.1+3.9 1vyear 31.5% | 22.2% 44.4% 1.9% | EES group
Jan 2011- Dec

49 | Kojima 2018 Japan 2013 3865 | NR In-hospital outcomes
Jan 2004-Dec

50 | Koutouzis 2009 Sweden 2008 22 92.0 | 30 day outcomes 100% 9.1% 0.0% 0.0% | STEMI

51 | Kurniawan 2016 | China 2012-2014 308 82.7 | 1year outcomes 25.0% 29.2%

52 | Lahtela 2017 Multinational | NR 195 | 82.9+2.6 1year 16.4% | 29.2% 12.8% 10.8% | AF

Transradial

Jan 2005-Dec Vs

53 | Lee H 2016 South Korea 2010 1945 83.0 | 1year 96.5% | 4.9% 4.8% transfemoral

54 | Lee ) 2020 South Korea 2006-2015 24 | 90.8+1.6 30 months 16.7%
Nov 2005-Dec

55 | Lee K 2014 South Korea 2007 1682 | NR 1year 99.3% 3.9% 4.5% 0.5%
Jan 2009- Dec

56 | Leistner 2019 Germany 2017 1238 83.4 | 233 days 58.0% | 16.2% 24.2% 11.1% | BMI

57 | LiS2018 USA 2000-2015 786 | NR In-hospital outcomes 16.0% 27.9%




May 2006-Jun

58 | Liang 2015 New Zealand | 2010 151 | 83+3 5 years 60.9%
Jan 2013- Dec
59 | Lim 2020 Australia 2017 1875 | 84.2+3.4 30 days 100% 33.4% 15.2% | NSTEACS
60 | Lockie 2010 UK 2005-2009 514 | 83+2.68 In-hospital outcomes 42.8% 18.7% 13.6%
Jul 2002-Dec
61 | longo 2011 Italy 2004 145 | NR 53 months
Lopez-Palop, R. Mar 2002-Nov
62 | 2009 Spain 2006 176 82.8 | 26.3 months 20.5% 5.1% 6.8% | DES vs BMS
63 | Lotan 2009 Multinational 56 | NR 1vyear
Transradial
Dec 2001-Jul Vs
64 | Louvard 2004 Multinational | 2003 377 82.8 | In-hospital outcomes 10.3% | 18.6% 19.4% 9.3% | transfemoral
65 | Maeno 2011 Japan NR 35 | NR 902 £ 643 days
Jan 1996- Dec
66 | Mansencal 2010 France 2005 152 | 83.9£3.3 30£28 months 100% | 28.9%
Jan 2000-
67 | Marcolino 2012 Netherlands | Dec2005 291 82.0 | 30 days outcomes 15.1% | 12.4% 4.5% 3.1%
May 2009-Jan
68 | Marino 2019 Italy 2018 242 87.7 | 388 days 33.1%
Sep 2004-Aug
69 | Matsuo 2016 Japan 2013 264 | 8413 2 years DES vs BMS
70 | Mengi 2020 UK 2006-2012 127 | NR 2 years 100% STEMI
Jan 2002-Dec STEMI vs
71 | Merchant 2009 USA 2005 179 84.0 | In-hospital outcomes 50.8% | 18.4% 17.3% 11.7% | elective
72 | Mishra 2019 USA 2010-2014 297378 | NR DES vs BMS
Aug 2012-Jul
73 | Miura 2014 Japan 2013 441 | 8413.4 In-hospital outcomes
Aug 2012-Jul
74 | Miura 2016 Japan 2013 441 | 84+3.4 1vyear 23.1% 6.8%
Jan 2008 - Dec
75 | Mizuguchi 2016 Japan 2012 52 85.5 | 30 days outcomes 100% | 11.5% 9.6% STEMI
Jan 2012-Jan
76 | Mohamed 2016 UK 2015 312 | NR 1year 83.0%




Jan 2012-Jul

77 | Monello 2016 Italy 2015 82 | NR 5221325 days

78 | Moonen 2010 Netherlands 2006 98 | 83.5+3.4 1vyear 24.5% 10.2% 4.1%
Jan 2007 - Jun Radial

79 | Muraglia 2014 Italy 2013 206 87.2 | In-hospital outcomes 100% approach
Jan 2012-Dec

80 | Muraglia 2017 Italy 2016 107 88.0 | 1year 100% CKD
Sep 2005 - Jul

81 | Murphy 2012 Australia 2011 224 85.0 | In-hospital outcomes 100% | 24.1% 12.1% 12.1% | STEMI
Sep 2012-Dec

82 | Nicolaides 2016 Australia 2015 140 | 82.9+2.7 In-hospital outcomes 99.3% | 9.3%

83 | Nishihara 2020 Japan 2009-2017 546 84.5 | In-hospital outcomes 64.8% | 12.6%
Jan 2006-Apr

84 | Oduncu 2013 Istanbul 2009 179 82.0 | 42 months 100% | 8.9% 14.5% 9.5% | STEMI
Nov 2004-Jan

85 | Oqueli 2011 Australia 20007 102 | 87.3+2.4 In-hospital outcomes 14.7% | 29.4% 20.6% 34.3%
Jan 2005-Jun

86 | Papapostolou 2020 Australia 2017 3282 | 8443 30 day outcomes 71.0% | 33.7% 26.3% 13.0%
Jan 2001-Aug

87 | Parikh 2008 USA 2006 32 | 91.5+1.5 1year 100% 12.5%

88 | Park 2017 South Korea NR 68 | NR 3 years 4.4%

NSTEMI,
delayed vs

Nov 2005-Apr early

89 | Piao 2014 South Korea 2012 760 83.7 | lyear 100% 4.7% 7.6% 0.4% | intervention
Feb 2009-Mar STEMI, DES

90 | Piao 2014 South Korea 2012 509 84.8 | lyear 100% 4.1% 2.4% vs BMS
NR (pooled

91 | Ploumen 2020 Netherlands | analysis) 671 | 82.7+2.55 1vyear 68.4% | 26.7% 23.8% 13.1% | DES

92 | Rana 2013 UK 2006-2010 294 | 88+2 1year 61.2% | 33.3% 10.9% 5.8%
Jan 2009-Dec

93 | Rasania 2017 USA 2014 2301 | NR lyear

94 | Reid 2019 UK 2013-2018 164 | NR 1year

95 | Reinius 2018 Sweden 2011-2014 4158 | 8614 2.2 years 100% | 40.6% 26.4% NSTEMI




96 | Riedmaier 2016 Germany 2009-2013 190 91.7 | In-hospital outcomes STEMI
97 | Riedmaier 2018 Germany 2009-2014 4551 83.8 | In-hospital outcomes NSTEMI
Rynkowska- Jan 2012-Jan 88.6+2.1
98 | Kidawa 2015 Poland 2013 82 | years In-hospital outcomes 65.9% | 40.2% 34.1% 17.1%
Jan 2005-Dec
99 | Sahin 2017 Turkey 2014 42 | 91.2+2.4 26.5+ 20.1 months 100% | 11.9% 14.3% 0.0% | STEMI
Jan 2007- Dec
100 | Sappa 2017 Italy 2013 126 | 88+2 898 days 100% | 12.7% 4.0% 4.8% | STEMI
Jan 2005-Dec
101 | Sawant 2017 USA 2014 274 | 91.8+ 1.6 1year 53.6% | 41.6% 25.9% 23.7%
Jan 2012-Dec CABG vs
102 | Serpytis 2018 Lithuania 2014 369 83.0 | 3year 81.0% | 34.1% 23.0% 11.4% | PTCA
Jan 2010 - Dec
103 | Shanmugam 2017 Australia 2012 293 | 83.8+3.4 In-hospital outcomes 64.2% 31.1% 11.6%
Apr 2009 - Jun
104 | SharmaR 2017 Canada 2015 184 84.6 | 1year 100% | 19.0% STEMI
105 | SharmaV 2015 UK 2005-2010 57 83.0 | 1year 100% | 15.8% STEMI
106 | SharmaV 2020 UK 2014-2017 71 | 83.6+2.6 In-hospital outcomes 50.7% 36.6% 11.3% | Rotablation
Jan 2003-Mid CABG vs
107 | Sheridan 2010 USA Oct 2004 4338 87.7 | 3years 24.3% PTCA
108 | Shirasawa 2010 Japan 2003-2007 42 | 88.5%#3.5 6 months 23.8% 16.7% 2.4%
Sep 2009-Nov
109 | Showkathali 2014 UK 2011 236 | 8514 30 day 100% | 23.3% 3.0% | STEMI
Apr 2002-Jun 23.7 months + 20
110 | Sillano 2013 Multinational | 2009 146 91.6 | months 23.3% | 28.8% 12.3% 5.5%
Left main
111 | Sliman 2019 Israel 2003-Mid 2018 74 | 86%3.5 3 years 20.3% 50.0% disease
112 | Talapatra 2015 India NR 65 | NR 6 months
Transradial
Jan 2010-Dec Vs
113 | Tammam 2016 Japan 2014 2530 | 8343 30 days outcomes 2.5% 2.8% 4.2% transfemoral
Nov 2000-Jan
114 | Teplitsky 2003 Israel 2002 97 | 84+3 6 months 28.9% | 42.3%
115 | Tomioka 2019 Japan 2012-2014 95 89.0 | 1134 + 300 days 2.1%




Jan 2000 - Mar

2008 (BMS); Apr

2003-Mar 2008

116 | Uthamalingam 2015 | UK (DES) 320 83.6 | 1year 18.8% | 12.2% 4.1% 8.1% | DES vs BMS
Jan 2000- Dec
117 | Valente 2008 Italy 2005 88 | 88.215.6 21.5 outcomes 100% | 14.8% 8.0% 2.3% | STEMI
Jan 2007 - Dec
118 | Vandecasteele 2013 | Belgium 2010 840 83.0 | In-hospital outcomes 100% STEMI
Apr 2003-Sep
119 | Vasaiwla 2012 USA 2008 2435 | NR 1year
Apr 2002 -Mar
120 | Vijayakumar 2004 Netherlands | 2003 46 | 82+2.4 378 days * 69 days | 60.9% | 30.4% 19.6% 19.6% | SES group
Jan 2000 - Dec
121 | Volz 2019 Sweden 2011 586 | 83.1+2.9 1vyear 26.3% 8.0% 7.8% | NSTEMI
Jan 2003 - Dec
122 | Walsh 2006 UK 2004 53 81.0 | 1year 18.9% 15.1%
Jan 2004-Dec
123 | Wang TY 2012 USA 2008 42154 87.0 | 640.8 days +423.5 26.4% 25.3% 18.8% | DES vs BMS
124 | Wong 2019 New Zealand | 2014-2016 204 | 87.6+2.7 In-hospital outcomes 16.2% 4.9%
Wongcharoenkiat Jan 2005-Dec
125 | 2012 Thailand 2007 202 | NR 2 years
Jan 2010-Jan CABG vs
126 | Wu 2019 China 2016 292 | 81.5+1.9 25 months 98.6% | 34.6% 28.4% PTCA
Transradial
Jan 2006-Apr Vs
127 | Xu 2019 China 2011 254 85.7 | 362 days 74.4% | 26.8% 23.2% 7.1% | transfemoral
128 | Yamaji 2019 Japan 2014-2016 138459 84.7 | In-hospital outcomes 41.8% | 7.5% 13.0% 1.4%
Jan 2006-Dec
129 | Yamanaka 2013 South Korea 2008 1494 | 844 1vyear 100% 3.9% 4.4% DES
Sep 2009-Jun
130 | Yan 2015 Hong Kong 2011 100 | NR 2 years
131 | Yudi 2016 Australia 2005-2014 170 | NR 1vyear STEMI
132 | Zeymer 2019 Germany 2010-2015 159 | 88+ 2.5 In-hospital outcomes 100% | 35.2% 17.6% 6.3%






